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^: 

^ . Abstract 

•/^ I Algebra of the constraints of twistor-like p-branes restoring | fraction of the spon- 

^ ■ taneously broken D = 4: N = 1 supersymmetry is studied using the conversion method. 

^ . Classical and quantum realizations of the BRST charge, unified superalgebra of the 

^«0 I global generalized superconformal OSp{l\8) and Virasoro and Weyl symmetries are 

, ' constructed. It is shown that the quantum Hermitian BRST charge is nilpotent and 

^ ■ the quantized 0Sp{l\8) superalgebra is closed. 

O' 

^: 

■^ '. 1 Introduction 

-(— > , 

p ■ The physical interpretation of the central charges in supersymmetry algebra as topological 

^ • charges carried by branes |lj advanced understanding of the phenomena of partial sponta- 

neous breaking of supersymmetry |2] . Because branes are constituents of M-theory, sponta- 
• 5^ ! neously breaking supersymmetry, their global and local symmetries correlate with the sym- 

rS I metries of M-theory [3], |1]. Studying these symmetries resulted in the model independent 

c3 ■ classical analysis of BPS states preserving |, | or | fractions of the partially spontaneously 

broken D = 4 N = 1 supersymmetry 0. A special interest to construction of a physical 
model with domain wall configurations preserving | fraction of the D = 4 N = 1 supersym- 
metry against spontaneous breaking was subscribed there. That configurations were earlier 
studied in superparticle dynamics jH] and algebraically realized as the brane intersections 
in ^. Then the tensionless string/brane model preserving | fraction of the D = 4 A^ = 1 
supersymmetry and generating static solutions for these tensionless objects was proposed in 
[Hj. These results have sharpen the general question: whether quantum exotic BPS states 
saturated by the p-brane states protect the same high ^^^ fraction of A^ = 1 global super- 
symmetry against spontaneous breaking as in the classical case? 



We have started studying the question in [H] on the example of the p-branes preserving 



3 

4 

fraction of the partially spontaneously broken D = 4 A^ = 1 supersymmetry and found some 
obstacles for the quantization in the QP-ordering previously studied in ^^ (see also jllj). 
Here we analyze the quantization problem applying the BFV approach ^2] and construct 
quantum Hermitian BRST operator and the generators of gauge Weyl, Virasoro and global 
0Sp{l\8) symmetries extended by the ghost contributions. We prove the nilpotency of the 
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quantum Herinitian BRST charge, its (anti)conimutativity with the quantum Hermitian 
generators of the 0Sp{l\8) superalgebra and the closure of this quantized superlgebra. At 
the same time we show that the quantum QP-ordered BRST operator and the 0Sp{l\8) 
generators are nonHermitian and differ from the Hermitian ones by the presence of the 
divergent terms. We discuss a possibihty to overcome this obstacle by the choice of the 
special regularization prescription for the p-brane world- volume delta function 6^{a — a')\ff=g' 
and its derivative dM^^iO). A possibility of the exact cancellation of the divergent terms in 
the QP-ordered quantum operators for other dimensions D = 2,3, 4(mo(i8) is also discussed. 

2 Conversion of tensionless super ^-brane constraints 

New models of tensionless string and p-branes evolving in the symplectic superspace A^^*^ 
and preserving all but one fractions of A^ = 1 supersymmetry were recently studied in 
|H1, Hn]. For M = 2[f] {D = 2,3,4 mod 8) the space M'^'^ extends the standard D- 
dimensional super space-time {xab, Oa)-, (where a,b = 1,2,..., 2'"]) by the tensor central charge 
(TCC) coordinates Zab- The coordinates Xab = x"^{lmC~^)ab and Zab = iz"^"'{'-fmnC~^)ab + 
z'^^\'^rnniC~^) ab + ••• coustitute componeuts of the symmetric spin-tensor Yab- In terms of 
Yab and the Majorana spinor 6a the action [Sj, invariant under the spontaneously broken 
A^ = 1 supersymmetry and world-volume reparametrizations, is given by 

Sp = ^fdrdPap>^U''W^abU\ (1) 

where Wab = W^abdC,'^ is the supersymmetric Cartan differential one-form 

W^ab = d^Yab - 2l{d,A0b + d^9b9a), (2) 

and dfj_ = -Mji with ^^ = (r, a*^), (M = 1, 2, ...,p) parametrizing the p-brane world volume. 
The local auxiliary Majorana spinor U°'{r,a'^^) parametrizes the generalized momentum 
P""^ = \p^U"'U^ of tensionless p-brane and p^{T,a^'^) is the world- volume vector density 
providing the reparametrization invariance of Sp similarly to the null branes ^3] . 
The action (^ has (M — 1) k— symmetries 

5nea = ^a, S^Y^b = -^l^e^K, + ObK^) , 5,U'' = Q, (3) 

which protect ^^^^ fraction of the A = 1 global supersymmetry to be spontaneously broken, 
because of the one real condition V^Ha = for the transformation parameters ^^(t, a)^. 
For the four-dimensional space-time the action (Q) takes the form 

Sp = \j drd^a p^ (2«-u;^,^«" + u'^u^^pu^ + u'^u^^^u^^ . (4) 

This action is invariant under the 0Sp{l\8) symmetry, which is global supersymmetry of the 
massless fields of all spins in D = 4 space-time extended by TCC coordinates [1^, IjlHj . 



"'^To remove a possible misunderstanding in this terminology let us remind that from the world- volume 
perspective the last fraction of the TV = 1 supersymmetry is also the symmetry of the action (Q, but it 
is spontaneously broken, because of the presence of Goldstone fermion fj = —2i{U°'9a) encoding the single 
physical fcrmionic degree of freedom associated with 9a (see ^H] for details). 



The Hamiltonian structure of the action (0)), described in jTTj, is characterized by 3 
fermionic and 2p + 7 bosonic first-class constraints that generate its local symmetries, as well 
as, 1 fermionic and 8 bosonic second-class constraints taken into account by the construction 
of the Dirac bracket. We found that the D.B. algebra of the first-class constraints has the 
rank equal two and it gives rise to the higher powers of the ghosts in the BRST generator. 

To simplify transition to the quantum theory the conversion method JHl-jlS], transform- 
ing all the primary and secondary constraints to the first class, has been applied in |9j. To 
this end the additional canonically conjugate pairs (P^, q"'), {Pg, q"), {Pt ■, <y?'^) and the self- 
conjugate Grassmannian variable / have been introduced. As a result, all the constraints 
have been converted to the effective first-class constraints in the extended phase space. 

The converted constraints for the auxiliary fields are the following 

p: = p: + p^^^, p: = p: + p^^o, (s) 

pip) = pip) + pM ^ 0, Pif ^ 0. (6) 

The converted bosonic constraints $ = ($"", $"^, $"^) originating from the ^-constraints 
IHj are given by 

^aa ^ paa _ pr^a^a ^ q^ ^a/3 _ ^af3 ^ i^r-a-/? ^ q^ ^a$ ^ -a$ ^ lp-^"^/3 ^ Q (7) 

and have zero Poisson brackets (P.B.) with the constraints (jHl), (jHl) and among them- 
selves. The converted fermionic constraints \1' = (\1/",\1/") originating from the primary 
\l/-constraints and generating four k— symmetries take the form 

^° = vr" - 22^aP"" - 427r°^6'« + 2{p^Y''^u'^f ^ 0, 

- ~ . (8) 

^d ^ _(^a)* = tt" - 2zP""6'„ - Am^^e^ - 2{p^y/^u'^f ^ 0, 

where /* = / is an auxiliary Grassmannian variable characterized by the P.B. 

{f{a),f{a')}p,B. = -tSP{a-a'). (9) 

The addition of the field /(r, <?) restores the forth K-symmetry and transforms all \I^- 
constraints to the first class. The Weyl symmetry constraint Ayy in the extended phase 
space is 

Aw = CP>a + ~P>a) - Wh'^ - 2p"'Pl? ~ 0, (10) 

where the variables (m" = w^-g", P^ = \{P^-P^)) and (p^ = p^-ip\ P[^^ = |(Pr^^^-Pj'^^)) 
form canonically conjugate pairs [H]. Finally, the converted constraints Lm of the world- 
volume CT— reparametrizations are 

Lm = ^AfX^^P"" + dMZa^Ti'^^ + dMZ^B^"^ + aAf^„7r" + aA/^^vr" 

(11) 

+ dMUaPZ + Omu^P: - P^dMp'f^ - P^'OmP^^^ - yOMf ~ 0. 

The P.B. superalgebra of the converted first-class constraints (jS))-®, (fTnjl . (fTTjl is described 
by the following non zero relations 

{$"((?), ^^{a')}p.B. = -8z$"'^5P((T - a'), (12) 



{$"((?), $^(<t')}p.b. = -4z$^"F((J - a'), (13) 

{A^{a),P^^^{a')}p,s. = 2PJ^^5na - a'), (14) 

{Zm(<?), 4"^^' )}p.b. = dMP^^'^S^a - a'), (15) 

{LM{a),LN{ff')}p.B. = {LM{a')dM' - Z^(a)aM)5P(a - a'), (16) 

{Zm(<?), x(<?')}p.B. = -x{^)dM5na - <?'), (17) 

where x are $, \1/ and /S.w constraints. The complex conjugate relations have to be added 
to (fT^ -()17 |) . The remaining P.B.'s of the constraints are equal to zero in the strong sense. 
Having the algebra ()12j) -()17 p one can construct BRST charge of the tensionless super p-brane. 

3 BRST charge and OSp{l\^) symmetry generators 

The algebra (fT2|) - (fT7j) has the rank equal unity and may be presented in the generalized 
canonical form 

{T^(a),T^(a')}p.P. = j <Pa" f^\{a,a'\a")T'{a"), (18) 

where /"^^c are structure functions. Let us note that the algebra (|THjl generalizes the original 
algebra [T2j by the taking into account dMS^{a — a') in the structure functions following from 
the P.B.'s including the Virasoro constraints Lm{^) such as 

/^mJ-^^ = -Sp^dM^n^ - a')5^{a - a"), ^ ^ 

(19) 
/^^^^-Zp = -SpMS^ff - ^')SP{a - a") + S'^,dN'SP{a - a')6P{a' - a") 

and other ones. 

The canonically conjugate ghost pairs of the minimal sector corresponding to the first- 
class constraints may be introduced forming the following triads 

($-^ C«^, P"^); (l'^^ C.^,!'"^); ($"^ C^^, P'^O; 

(pa r-f pa\. ( P<^ n . poi\. (20) 

ipy\c^py, p(p)). ^p(^), c(^)*^ pi^)); 

{LM,C'',PMy, (A^,CW,PW). 

Utilizing nonzero structure functions of the superalgebra ()12|l - (fT7j) one can present the 
corresponding BRST generator ^2 of the minimal sector ^2] 

n = j <Fa{C/T^ + \{-fCeCj^''cP^){a), (21) 

by the following integral along the hypersurface of the closed super p-brane 
n = Jd^a [(C,^$-^ + C'.^$'^^+C,$--C'^$'^+a„pa+c'„^pa) 

+C„^$^" + C^P^^Py^+ C('')*^Pi?^+ C(^) A^* + C^Z^f (22) 

+4^(C„C^P-^ + C^C.P''^) - AiC^C.P^" 



A|^* in eq.(j221) is the generator of the gauge world- volume Weyl symmetry 

A-* = A^ - 2C(^)^P£\ (23) 

and U'^l is the generalized Virasoro generator 






(24) 



extended by the ghost contributions. 

Using the P.B.'s of the superalgebra p2|) - (fT7j) one can show that the P.B. of the BRST 
generator density r2(r, (x), defined by the integrand (J22I); with itself is equal to the total 
derivative 

{n(<T), fi(a')}p.B. = aAKc"^(c„^^$"^ + c-^S"^ + c„^$^" 

+ C„^" - C^i*" + C^^'^^P^"^ + C^'^^Af^* + C^Lf * (25) 

+ 4z(C„C;3P-'3 ^ c^Cff^i" - C^C^Pf"^W{G - a'), 

because of the presence of du^^ip — <?') in the structure functions of the superalgebra (O- 
(fTTj) . But, the contribution of the total derivative in the r.h.s. of (j^^ vanishes after integra- 
tion in a and a' due to the periodical boundary conditions for the closed p-brane. It results 
in the P.B.-anticommutativity of the BRST charge f2 = Jd^aQ^r, a) (J2H) with itself 

{n,n}p,B. = o. (26) 

The introduction of the ghost variables leads to the extension of the 0Sp{l\8) symmetry 
generators providing the P.B.-(anti)commutativity of the 0Sp{l\8) generators with Q ()21|) . 

The ghost extended "square roots" S^{t,(t) and SA^^r^a) of the ghost extended conformal 
boost densities K^^ij, a) and K^\{t, a) are given by 

+c/Pp + c^f^P + AiC.iepP" - e^P) (27) 

-Cp^p^ - c^^P^ - Atc^e^p^ - e^P) (28) 

-m^Cp^Ps^ + 4z^^C7^^P'^^ + Aie^C^^Pg^ - SiOsC^^P^^. 
Using the densities fi(r,a) ^ and <S^(r,a') (EZj) we find their P.B. 

{n{a),S,{a')}p,B. = -iC^'S,){a)dMS^{a - a') (29) 

and conclude that the contribution of the total derivative in the r.h.s. of (j^^ vanishes after 
integration with respect to a and a'. Thus, the BRST charge Q ()22|) has zero P.B.'s with 

the conformal supercharges 5*^, 5*^ 

{n, s^}p.B. = 0, {n, s^}p.B. = 0. (30) 



The same P.B.-coininutativity 

{n,G}p.B. = (31) 

between fi and other 0Sp{l\8) symmetry charges G = ^ dPaGir^a) extended by the ghost 
contributions will also be preserved, because of the general relation (J17p for the generator 
densities: {Lm((t), G{a')}p,B. = —G{a)dMS{a — a'). 

The above mentioned expressions for the generator densities of the generalized conformal 
transformations extended by the ghost contributions take the form^ 

K^x{r, a) = 2z^pZx5'K^^ + 2x^pX^^7^^^ + z^px^^P^^ + x^^z^sP^^ 

+exiz^5TT^ + X^^gTT^) + Ojizxsll^ + X^^TT^) + {u^ Zsx - U^X^g)Pu^ + {u^ Zs^ - U^X^^)Pu\ 

-2i{u'es - ii'es){9xPu^ + e^p^x) + j^iOxPu-y + e^Pux)f - yK^Kx 

+exC,^Pp + e.Gx^Pp + OxC^f^P + 9,G^f,P 
-{zx^ + 2i9xe^)G,Pp - (z/ + 2ie,eP)GxPp - {x^f, + 2iex9p)G,P - {x^p + 2ie,ep)CxP 

-2{z,^ + 2ie,ef)Cx5Pp'-2{zx'' + 2iexe^)c,sPp' 
M^z,p + 2ie,ep)c^^p'p+{zxp + 2iexep)c^;P'p 

+ (x^^ + 2ie.fip)Cx5P^'+{x^p + 210x6 p)G^sP^' 
+2(x^^ + 2ie,ep)G^^M'+{x^^ + 2t9xef,)G^^P^, 



(32) 



for K^x{'T) ^) and respectively for K^^{t, a) 



K^^{t, a) = Z^sZ^sP^^ + X^s^s-yP^^ + 2{z^sXx-y7T^^ + X^s^X^^^^) 



+^7(%#^ + Xs-yrC^) + O^iZyST^^ + X^glT^) + {u^Xs-y - U^Zg^)Puy + {x^^U^ - ZySU^)Pu^ 
ZlylL us U Ug)yu.yruj u.yru'y) + ipT\i/2 \"y^wf "7-' M-yjJ ~r "pF -t^ wy ^ u-y 

+e^c/Pp - e^c^^Pp + e^c^pP^ - e^CpyP^ 

+(z/ + 2i9y9^)CyP^ + (2/ + 2i9ye^)CyPp + [xpy - 2ze^^^)C^F^ + (x^^ + 2i9ye^)C^P^ 

-2(z/ + 2zey9f)CsjPf,^-2{^^ + 2ie^¥)C^if^f, 

+(2/ + 219^6^)0^ ^Pf,s+{z^j + 2i9y9^)Cy^Ps^ 

+{x^^ + 2i9,9^)Gs^P^' + {x^^ - 2i9^9^)G^^P'P 

-2{x^p + 2i9y9^)CSP^s - 2(^/37 - 2i^^%)C/P/. 

(33) 



^The discussed formulae would look more compact in the Majorana spinor representation. However, it 
makes more obscure the contribution of the TCC coordinates Zap which presence is crucial for the exotic 
supersymmetry protection and generation of the new bosonic gauge symmetries (see I13J) generalizing the 
well known symmetries of the Penrose twistor approach originally formulated in D = 4 24 . In the Majorana 

representation Za/s are encoded in the symmetric 4x4 matrix Ya'' = YadC'^^ — I -^^ _2 ) together with 

\ X Z fi J 



the space-time coordinates Xaa (see |H], [T7]') 



The remaining 16 generator densities of 0Sp{l\8) supergroup extended by the ghosts are 
the following 






(34) 



The adduced expressions should be complemented by their complex conjugate. 

Note that supersymmetry and generalized translation generator densities do not contain 
any ghost contribution. One can check that the P.B. -commutation relations of the 0Sp{l\8) 
superalgebra extended by the ghost contributions coincide with the P.B.-commutation rela- 
tions of the original 0Sp{l\8) superalgebra [T7] . 

4 Quantization: nilpotent BRST operator and quan- 
tum OSp{l\8) algebra 

Upon transition to quantum theory all the quantities entering the converted constraints and 
0Sp{l\8) generator densities are treated as operators that implies a choice of certain ordering 
for products of noncommuting operators. At the same time the canonical Poisson brackets 
{V^{a), Qm{^')}p.B. = S^S^{a — a') used in jT2j transform into (anti) commutators 

[V'^iff), Q^(a')} = -tS^S^iff - a'). (35) 

It is necessary to provide further nilpotence of the BRST operator, fulfilment of 
(anti) commutation relations of the 0Sp{l\8) superalgebra and its generator (anti)commu- 
tativity with the BRST operator ensuring the global quantum invariance of the model. In 
addition, the Hermiticity of the quantum BRST operator and 0Sp{l\8) generators has to 
be supported. The Hermiticity requirement may be manifestly satisfied if we start from the 
above constructed classical representations for the 0Sp{l\8) generators and BRST charge in 
which all coordinates are disposed from the left of momenta, i.e. in the form QV, where Q 
and V are the products of the coordinates and momenta contained in Q and the generators. 
Then the operator expressions for the latter are presented in the manifestly Hermitian form 
composed of the operator products ^{QV + {—Y'^^^^^''^\QVy), where e{Q) and e(P) are 
Grassmannian gradings of these coordinate and momentum monomials. 
In particular, we obtain the following Hermitian operator representations 

S^{t, a) = liz^s - 2ie^es)Q^ + lQ\z^s - ^le^Os) 

+\{x^^ - 2ie,e0 + \q\x^^ - 2ie,e^) 

+2iesiu'Pu^ + Pu-yu') - Aiii'esPu-y + jp^fK (36) 

+C/P^ + C^f,P + 2iesiC^P + P^C^) + AiPc^Ps 
-4ies{C/Pp' - Pp'C/) + 4.iPc/Pps + 2i9s{C.^pP^' - P^'C^^) - 8iPc^f,P^ 



for the classical density S.y{T,a) (jUj) and 

+i(^^7r- - TT-^^) + \{u^~Pup + ^«/3^") (37) 

for the generalized Lorentz density L^'pij^a) (|Mj). 

By the same way can be constructed quantum Hermitian generators L|^* of the a- 
reparametrizations and the Weyl symmetry generator A^* 

%* = \{u^h + ^n^« + kh + ^"^^) ,,,, 

_7iT pip) _ p(/5)5ir _ p,M jbip) _ pip) p,M _ ri(p)M pip) I pip)ri{p)M r^ n 

entering the BRST operator. 

Because other converted first-class constraints are Hermitian by construction, the quan- 
tum Hermitian BRST generator 

O = - /" rfV(^(r, a) + n^{T, a)) (39) 



will coincide with its classical expression Q ()22|) after the substitution of ()38p and the Her- 
mitian representation for Lm{(^) originated from ()24|) in eq. ()22p . 

Now we are ready to prove that this realization of ft preserves its nilpotency and 
(anti)commutativity with the Hermitian operators (j36p . (j37|) and other ones generating a 
quantum realization of the classical 0Sp{l\8) superalgebra. The proof is obvious and is 
based on the observation that ft and other considered Hermitian operators are linear in the 
momentum operators V^{t, a) of the original coordinates and ghost fields. The remarkable 
property of the ordered polynomial operators composed of Qmi'^i^^) and V^{r,cr), which 
form the Weyl-Heisenberg algebra (j35p . and are linear in V^ is the preservation of the cho- 
sen ordering in course of calculations of their (anti) commutators. As a result, the transition 
from the P.B.'s to (anti) commutators will preserve all classical results obtained in the P.B. 
realization of the extended algebra of the 0Sp{l\8) generators and classical BRST charge of 
the super p-brane. So, the quantum Hermitian BRST operator (jHIIj) occurs to be nilpotent 

{i7,i7} = 0. (40) 

However, the Hermiticity of O and the 0Sp{l\8) generating operators by itself is only 
a necessary condition for the quantum realization of the physical operators, because the 
relevant vacuum and physical states have also to be constructed. So, the problem of existence 
of the selfconsistent quantum realization of the exotic BPS states by the states of quantum 
tensionless super p-hrane is reduced to the proof of existence of the relevant vacuum and 
the corresponding physical space of quantum states. At the present time we investigate this 
problem. However, we should like to discuss here a possible way to solve this problem based 
on the consideration of the QP-ordering studied in [lUj . 



5 QP-ordering and regularization 

It was motivated in llOj that the coordinate and momenta operators have to be used for the 
tensionless string quantization instead of the creation and annihilation operators relevant 
for the tensile string quantization. This motivation is physically justified by the absence of 
oscillator excitations for the tensionless string which makes its dynamics resembling that of 
collection of free particles and results in the choice of the physical vacuum as a state anni- 
hilated by the string momentum operator. In that case the coordinate Q and momentum 
V monomials forming the above discussed Hermitian operators have to be ordered by the 
shifts of all the Q monomials to the left of V. To achieve that QP-ordering we have, in 
particular, to permutate some noncommuting coordinate and momentum operators in the 
QP-disordered Hermitian expressions of the generator densities fl36|) . (jHTj) and others, con- 
straints A^* ()H8|1 . LfJ* and the Hermitian BRST operator. In view of that permutations 
divergent terms will appear in some monomials composed from canonically conjugate oper- 
ators at coinciding points of p-brane. A typical form of such divergent terms is illustrated 
by the relation 

-{hsiB)fr'%a) + n'%a)zU^)) = hsiB)n'%a) - ^616^ (41) 

encoding the permutation effect of the TCC coordinates with their momenta. The r.h.s. of 
ambiguously defined relation PT|) includes the divergent term 5^(0) = SP{a — a')\ff=^' and the 
problem appears how to deal with the QP-ordered representation of the symmetric operator 
in the l.h.s. of (jUj). Such type a problem is typical in quantum field theory due to its 
inherit divergencies and the regularization procedure should be applied. Thus, in general, 
the ordering problem has to be analyzed together with the divergency problem. It might 
have happened that a regularization prescribes to use the image of the delta function at the 
zero point (here ^^(0)) to be equal to zero. Then the choice of that regularization would solve 
the ordering problem. Taking into account such a possibility requires study of the structure 
of the divergent terms appearing in the total quantum algebra of our model. To this end we 
firstly analyze the QP-ordered realization of the 0Sp{l\8) algebra. 

We find that the application of the described QP-ordering procedure to the Hermitian 
0Sp{l\8) generator densities (IHUj) . (jTfj) and others yields the relations 

5^(r, a) = S^- 2e^5P{0), 5^(r, a) = Sj^ - 2k,SP{0), 

Kp[r, a) = Lp + ^,e.pSm, '^^^(r, a) = L^^ + ^.e^^d^O) 

connecting the Hermitian and QP-ordered representations for the generator densities. The 
operators S^, S^, K^x, ^-yx^ K-y^, Lap, L^0, collectively denoted by Ggp, in the r.h.s. of 
(H^ coincide with the classical QP-ordered representations (jlZj), (PHj). (jH^ - ljMj) . where the 
corresponding operators are substituted for the classical coordinates and momenta. These 

QP-ordered operators Ggp form another representation of the quantum algebra 0Sp{l\8) 
similarly to the Hermitian operators, because they originate from the classical generators 
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and preserve the QP-ordering in the course of the calculation of their (anti) commutators. 

But, the QP-ordered generators Gqp are nonHermitian and their (anti) commutation with 
the divergent nonHermitian terms in the r.h.s. of the representation ()42|l contributes to 
the closure of the 0Sp{l\8) algebra presented by the Hermitian generators in the l.h.s. of 
fl42|) ■ So, we obtain two quantum realizations of the 0Sp{l\8) algebra and one of them 

Gqp is nonHermitian, because of its QP-ordering. But, namely, action of the nonHermitian 

generators Gqp on the corresponding vacuum state is well defined in accordance with |1D^. 
Then the regularization assumption, which prescribes to accept the regularized image oid^{0) 

as equal zero, removes the nonHermiticity of the QP-ordered generators Gqp. In the result 
we obtain the desired vacuum state for the discussed Hermitian realization of the physical 
operators. So, the choice of such a regularization would allow to overcome the problem of 
construction of the quantum space of physical states. To realize such a scenario one needs 
to analyze the QP-ordered realization of Hermitian BRST generator ()39|) . 

The correspondent QP-ordered BRST operator Cl turns out to be nonHermitian, as 
follows from the relation connecting Cl with the Hermitian BRST operator ft (|39|) 

n = n-i I ^^[(7^^) + (I - l)C^'dM + ldMC^']SPiO), (43) 

and is supplemented by three antiHermitian divergent additions in the r.h.s. compensat- 
ing the nonHermiticity of Cl. The first of them, proportional to 5^(0), follows from the 

QP-ordering of the Weyl symmetry generator A^* (PS|) and is contributed only by the aux- 
iliary variables p'^,u°' and u" partially cancelling each other during the ordering with their 
momenta. The contribution of other auxiliary pair (/)*^,P|^ ) in here is cancelled by the 

ghost pair {C^^^^^ , P^J) contribution. We observe that only the auxiliary twistor-like fields 
and the component p'^ of the world- volume density p^, introduced to provide the Weyl and 
reparametrization gauge symmetries of the brane action, contributed to the first singular 
term. The similar story concerns the second divergent term proportional to OmS^IO) ^. This 

term appears from the QP-ordering of the extended Virasoro operators L|^* and only the 

above mentioned auxiliary fields together with the ghost pairs {C^ , Pm), {C^^\ p(^)) and 
the auxiliary fermionic field / contribute to here, because the contributions of the propa- 
gating phase-space variables are cancelled by the corresponding ghosts. This cancellation 
illustrates the boson-fermion cancellation mechanism provided by the BRST symmetry. The 
third singular addition, proportional to the total derivative, restores Hermiticity of the cubic 

term C'^OmC'^ Pn but, it vanishes in view of the periodical boundary conditions. The latter 
could contribute in the case on a nontrivial topology of the ghost-field space. 

Now let us note that the QP-ordered operator Q in the r.h.s. of eq. ljlHj) is nilpotent 



{^,^} = 0, (44) 



•^In the symmetric regularization, where S^{—a) — (5f ((?), the derivative 9a/(5p(ct) vanishes at ct = 0. As 
a result the symmetric regularization does not capture the divergencies following from the reordering of 
terms with derivatives like n {(7)dM z\s{<^) (cf. (|41|) '). To capture such a type singularity one can use more 
general regularization of delta function considered by Hormander [2H|. As a result, we find the r.h.s. in 
the regularized (anti)commutators ['P^(f?), 9m Qm(o^)} = iSyldMS'''{(J,(j), where c}M<5''(f?, f?) is a regularized 
analogue of i9m<^^(0), to be non zero. 
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because of the nilpotence of the classical BRST charge Q and its linearity in momenta of 
Cl. Thus, the singular representation ()43|) contains two nilpotent operators ft and Cl in view 
of PUJ) and (jH}. Then, the calculation of the anticommutators of the l.h.s. of eq.pHj) with 
itself and the r.h.s. with itself results in the condition 

{n,n} = o = - f rfv[2C'^9MC'(^) + {p- |)C'*^9A/C'^9jv]<^no). (45) 

To clarify the expression ()45|1 consider, for simplicity, the contribution of the canonical 
pair {fT^Pr ) to the anticommutator (PH|1 of the BRST operator (f^Hjl using its different 
representations by the left and right hand sides of PHjl . For our purpose it is sufficient to 
consider the contribution to the square of the BRST operator proportional to the product 
of ghost operators C^"^^ and (7^. Then for the BRST operator tt ()39|) in the l.h.s. of ()43p 
we obtain 



The desired contributions come from the two anticommutators in 



(46) 



{c{w)^j^rp{p) + p^/)pr)^a), -c^'ip^dM'py^ + dM'py^pni^')} 



~IC^'^\a)C^'{a'){p-{a')Py\a) + P^''\a)p^{a'))dM'5'\B - a') (47) 

a -a'). 



2 

r 



+ ^^C('^\a)C^'{a'W{a)dM'Py\a') + dM'Py\ff')p^{a))6P{c 



Transforming the arguments of the multipliers in front of the partial derivative (9a//5^((T — a') 
to be coincident and equal a', we find the equivalent representation for the r.h.s of Eq. (j47|) 
as follows 

-'-C^^^C''' {p^ P^'^+Py^ p'){a')dM'SP{a-a')-^dMC^^^C''' {p^ P (48) 

Correspondingly, for the second term we obtain 

l{C('^){prpy^ + py^p-){a),C^{dM'C('^^P^'^^ - >(^)9M'CW)(aO} 
= {dMC^^^C^'ip^P^r'^ + P!^''^p^)5P{a - a'). 



(49) 



The sum of the contributions PHj) and (jl^ is the total divergence 

'-dM (c^'^^C^'ip^Py^ + Py^n) S'i^ - <?') (50) 

after the transfer of the derivative Om' from the 5-function to the phase-space operators that 
is a correct operation for distributions. 

Thus for the Hermitian representation, the contribution of the canonical pair [pT ^Pt ) 
entering the Weyl generator to the anticommutator {C'''^^A^*(a), C'^'^L^j*((t')} vanishes in 
agreement with the nilpotency of the BRST operator. The same result can be found for the 
contributions of other canonical pairs. 
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Now we are interested in the same contribution to the square of the BRST operator 
proportional to the product of (7*^^) and C^' ghosts, but in the QP-ordered and singular 
realization given by 

{(^C^^)p-plp) - 2(7(^)^^(0)) (<j), - [c^'p^dM'P^r'^ - C'*'aM'C'(^)p('^)) (<?')}, (51) 

where we omitted the singular terms proportional to C^^ du^^iS^) in the r.h.s. of the anti- 
commutator (J3T|) which do not contribute into the anticommutator. Then for the r.h.s. of 
Eq. pn|) we obtain the three summands 

= -i{C^'^')C^'p^Py^){a')dM'5''{ff - a') - zOmC^^'^C^' p^Py^S^ia - a'), (52) 

{(C'Wp-P.(^))(a), (C'*^aM'C'(^)p(^))(a')} = idMC^^^C^'p-py^SPia - a')- 
The sum of the above two summands is again the total divergence 

tdM (c^^^C'^'p^Py^^ S^ia - a') , (53) 

which can be omitted for the discussed model of the closed p-brane. So, the value of the 
anticommutator is determined by the singular term iC^^''6^{0) contribution equal 

{-tC^^\a)5P{0), (C'*^9Af'C'(^)p(^) )((?')} = -S''{0)C^'dMC'^^^SP{a - a'). (54) 

One can see that the term does not transform to the total divergence. 

Analogous calculations of the contributions of other canonical pairs entering the Weyl 
generator will also give the same divergent answer modulo numerical coefficients. Summa- 
rizing all that contributions we arrive at the first summand in the r.h.s. of (j45|) . 

Similarly, calculation of the (anti) commutators of the 0Sp{l\8) operators ()42|) with ft 
PH|) gives the relations 

{n, S^} = 0= 2iJ (Pa{C.i + C^^duO^Wi^d), 

{h, 5^} = = -2i / dPa{C.i - C^'^dM0^)SP{O), 

[n, }C,x] = = -2tJ dfa[{C,9x + 0,Cx) + ^C''dMZ,x]6nO), 

[^, Z^^] = = -2tJ dPa[{C^e^ - e^C^) + iC^^dMX^^]5P{'d). 

The conditions (jIKjl and (|HHjl contain the divergent terms proportional to 5^(0) and 9a/5^(0), 
so to attach meaning to them one should assign values to the singular limits of 6'P{a — a')\g=gi 
and its derivatives, i.e. to make their regularization. In accordance with the regularization 
the (anti) commutation relations ()35p have to be changed by the regularized relations 

[P'^{B), Q^{a')} = -i6^5^{a, a'), (56) 

where the distribution 5^(a, a') is a regularized image of the Dirac delta function (^^(a — a'). 
The substitution of the distributions (J^(a, a') and dMS^{a, a') in eqs. (j^ and (J55|l results 
in their solutions 

5P{a, a) = 0, dM^^^a, a) = 0. (57) 
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The regularization that requires 5"^ {a, a) = is well known in the physical literature (see, 
for instance, |26j). This regularization prescription leads to the closure of the QP-ordered 
and regularized superalgebra of local and global symmetries of the considered brane model. 
The regularization (|57|) removes the problem of ordering in the operators obtained from 
the classical expressions and differing from each other by the terms proportional to 5^(0) 
and/or c}j\/(5^(0). It shows the possibility of quantization of the super p-brane model in this 
regularization. 

6 Conclusion 

The general problem of quantum brane realization of the BPS states preserving ^^^ fraction 
of partially spontaneously broken global A^ = 1 supersymmetry at the classical level was 
analyzed on example of the twistor-like p-brane in four-dimensional space-time. Twistor- 
like brane models are characterized by a fine tuning of a large set of classical local and 
global symmetries caused by the absence of tension. We constructed classical BRST charge 
and generators of these global and gauge symmetries and proved the closure of their unified 
P.B. superalgebra. The P.B. realization of the nilpotency condition for the BRST charge 
and its (anti)commutativity with the unified symmetry generators were proved. After that 
we considered quantization of the model and proved the preservation of the above classical 
results using Hermitian operator realization of the symmetry generators and BRST operator. 
This Hermitian realization gives the relevant physical foundation for the solution of the 
quantization problem. The remaining problem here is the construction of the vacuum and 
the Hilbert space of quantum states of tensionless super p-branes. 

Otherwise, such a type problem was earlier considered in ^U] using the general construc- 
tion of the finite inner product ^I] and the QP-ordering in the quantum BRST charge and 
generators of the symmetry algebra of bosonic tensionless string. There was shown the ex- 
istence of the full physical vacuum that is annihilated by the BRST and string momentum 
operators. The latter condition has picked up the QP-ordered representation as a physical 
one for tensionless objects. Motivated by these results we studied the QP-ordered operator 
realization of the brane symmetry generators and the BRST operator. It was found the 
closure of the quantum generalized superconformal algebra OiS'p(l|8) in this realization and 
the (anti)commutativity of the quantum 05'p(l|8) generators with nilpotent BRST operator, 
because of the linearity of the quantum operators in the momentum operators P^. But, the 

QP-ordered representation for the OSp{l\^) generators Gqp and the BRST operator Vt turn 
out to be nonHermitian. We remind that the latter problem might be solved by the defi- 
nite choice of the regularization assumption for the delta function 5^(0) and its derivatives 
9m5^(0). It shows a possibility to quantize the classical super p-brane preserving | fraction 
of partially spontaneously broken D = 4 A^ = 1 supersymmetry in the special regularization. 
Our consideration admits straightforward generalization to the case of the space-time di- 
mensions D belonging to the set 2, 3, 4(mo(i8) consistent with the Majorana spinor existence. 
Taking into account that the number coefficients in front of the divergent terms containing 
(5^(0) and (9a/^^(0) depend on D one can hope that they might be equal to zero for some D 
from the above mentioned set. It would prove the existence of the quantized model outside 
the regularization prescription. The above mentioned problems are under our investigation. 
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